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Introduction
W a t e r r e s o u r c e s d a t a b a s e e n c o m p a s s a w i d e r a n g i n g field including rainfall and other sources of water, their utilization, various water user sectors, land utilization and water resources, water resources m a n a g e m e n t , g e o g r a p h i c a l e n t i t y o f w a t e r r e s o u r c e s like watershed and finally water resources and climate c h a n g e . I n t e r n a t i o n a l l y F o o d a n d A g r i c u l t u r e Organization (FAO) publish various data on water resources -region-wise as well as country-wise. Besides, most of the countries have their own water resources data management and dissemination s y s t e m s . I n I n d i a , m a j o r s o u r c e s o f d a t a b a s e development and management in water resources sector have been the various Government agencies including both Central and State Govt. There are several private initiatives also in the form of internet / web based Information System, portals, directories etc. Present monograph presents a brief description o f p r e s e n t s t a t u s o f w a t e r r e s o u r c e s d a t a b a s e m a n a g e m e n t s y s t e m s e x i s t i n g i n I n d i a a n d d i s c u s s e s t h e s t r a t e g y f o r f u r t h e r i m p r o v e m e n t a n d strengthening.
W a t e r R e s o u r c e s o f I n d i a -B a s i c B a c t s
On an average, India receives annual precipitation (including snowfall) of about 4000 km 3 . However, t h e r e e x i s t c o n s i d e r a b l e s p a t i a l a n d t e m p o r a l variations in the distribution of rainfall and hence availability in time and space across country. It is estimated that out of the 4000 km 3 o f t h e c o u n t r y , 1869 km 3 is average annual potential flow in rivers available as water resources. Out of this only 1121 km 3 is only utilizable (690 km 3 from Surface Water and 433* km 3 f r o m G r o u n d W a t e r ) ( C W C a n d N R S C , a). The basic facts regarding water availability in I n d i a i s p r e s e n t e d i n Ta b l e 1 a n d Ta b l e 2 b e l o w. DOI: 10.16943/ptinsa/2014/v80i3/55146 The spatial distribution of water resources of the country is depicted in the form of basin map ( Fig.  1 ) and tabular compilation (Table 3) . There is a difference in the number of basins in the country identified by various agencies. Hence, in this document, the basin map adopted from India-WRIS (CWC and NRSC, b), a Government of India web portal has shown 25 numbers of basins while the tabular figure taken from a technical paper (Gaur and Amerasinghe, 2012) quoting Central Water Commission (CWC) and Central Ground Water Board (CGWB) figures has indicated 21 basins in the country. However, this difference in the number of basins exists mainly because of bifurcation of larger basins into smaller ones. Thus sum total picture of water resources of the country remains the same.
Water Database -Existing Practices and Status
Several published literatures and information available on the internet and elsewhere were widely consulted during the compilation of this paper. Central Water Commission (CWC), an attached office of Ministry of Water Resources, Government of India dealing mainly with surface water resources bring out annual publication of 'Water & Related Statistics' (CWC, 2010) The present document is the analytical synopsis of the literatures and information mentioned above.This paper has been divided into two sections. The first section categorizes the various types of database and sources of information. The final section recommends strategy for further strengthening of water resources database in the country.
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Water Resources Data
The hydrological cycle can be divided into three broad domains -meteorology, hydrology & hydrogeology and oceanography. In the hydrological cycle, water vapor from ocean rises to form cloud. Condensed clouds give rise to rainfall. Rainfall generates surface runoff and percolates into ground thereby recharging river and ground water systems. The surplus water goes back to the sea/ocean. Since this paper concerns with fresh water resources, it will deal with meteorology, hydrology and hydrogeology domain of the hydrological cycle. Oceanography will not be dealt here. There are several attributes to each of these sources of water, eg. Monitoring, potential, utilization, irrigation, climate change etc. Considerable information is collected on these attributes.
Meteorology
Sources of all renewable water resources are rainfall. Data on rainfall and other aspects of climate are collected by observatories maintained and operated by India Meteorological Department (IMD). National Data Centre, IMD is the custodian of all meteorological data being collected from various parts of India. The data are available for more than 125 years (NDC, IMD web portal).Some of the other organizations which are collecting meteorological data are : Department of Science & Technology (DST), CWC, State Governments, and numerous nonGovernmental organizations. Besides rainfall, data on several other climatic variables like temperature, humidity, sunshine and radiation are collected. Evapotranspiration and soil moisture are critical parameters for estimation of water balance and crop-water Rainfall is the most common source of water for agriculture -both in rain-fed and in irrigated areas. Traditionally rainfall is also being harnessed for domestic requirements. Database on utilization of rainfall is, however, not exhaustive.
Surface Water Resources
The entire country has been divided into several river basins by various agencies. As per CWC classification, there are 20 river basins in India (Gaur and Amerasinghe, 2012; Planning Commission, 2011a) . The flow/discharge data of the major rivers of the country are monitored by CWC along with water quality through a network of 878 hydrological stations. It also maintains thestorage data of the reservoirs built across the rivers. These data are used in various kinds of analysis eg. estimation of Water Resources Potential and predictions including flood forecasting.
The utilization of surface and ground water sources is maintained both in terms of volume and area. Volumetric estimation of surface water utilization is maintained by State Water Resources Departments. Major and medium works account for the bulk of surface water utilization. All these projects are equipped with gauges to measure the volume of water discharged from the reservoirs/diversion points into their respective canal networks. 'Minor' surface works (tanks, ponds and water from diversion/lifting of water streams) account for a relatively small proportion of the total surface water utilization, even as they are widespread and play a vital role as sources of water for domestic and agricultural uses in several hundreds of thousands of villages. The Minor Irrigation (MI) Census gives data on the number of minor irrigation sources including the surface water sources of different kinds and the area irrigated by them (MOWR web portal). Area-wise utilization of water resources are collected under the aegis of Department of Economics & Statistics, Ministry of Agriculture. Statistics of cultivated area as well as detailed crop-wise and season-wise irrigated and unirrigated areas at the village level are collected by village revenue officials which is then aggregated and published at the district, State and National levels. The Planning Commission also provides estimates of irrigation potential and utilization in terms of the total gross irrigated area by surface water (by major/ medium and minor projects) and groundwater at the State/basin level. 
Ground Water Resources
Ground water level and quality -the two basic attributes of the ground water system are being monitored by CGWB, State Ground Water Departments (SGWD) and also by several NGO and private initiatives. Mapping of Aquifer and estimation of its hydrogeologic characteristics is the key to the proper assessment of ground water potential. These are being carried out by CGWB and State Ground Water Departments.
Ground water is being utilized mainly through private initiatives.Irrigation is the bulk consumer of ground water. The information on irrigation water well and their irrigation potential is collected in Minor Irrigation Census (MOWR web portal). Department of Economics and Statistics, Ministry of Agriculture also collect similar information through revenue offices (Dir Eco & Stat web portal). No systematic data is however collected for domestic/industrial water utilization.
Water Quality
Water quality assessment and management has attained global importance over the years in view of growing concerns and awareness on environment and health related impacts. Hence the quality attributes of the water resources requires separate mention. There are several institutions involved in water quality monitoring, assessment and management. The Water Quality Assessment Authority (WQAA) of Ministry of Water Resources, Govt of India collects and disseminates information on prevention, control and abatement of water pollution. The State Level Water Quality Review Committee (WQRC) is responsible for generation of reliable water quality data. Central Pollution Control Board (CPCB) in collaboration with concerned State Pollution Control Boards/Pollution Control Committees has established a nationwide network of 1019 water quality monitoring stations in the country monitoring rivers, lakes, drains, canals, tanks, creeks, ponds and groundwater sources. The water quality data are reported in Water Quality Status Year Book. The Central Water Commission (CWC) is supplementing the activities of water quality assessment by monitoring water quality at 371 sites located on the major rivers in the country and ground water quality is monitored by Central Ground Water Board (CGWB) for shallow aquifers at 15000 locations across the country once a year. Besides, quality of ground water in deeper aquifers are being analyzed for the samples received from about 800 deep exploratory wells constructed every year in the country (WQAA web portal).
Apart from above, various line departments of State Governments, Education & Research Departments, non-Government organizations and private sectors are involved in water quality management related activities.
Climate Change
The effect of climate change is reflected in every domains of hydrological cycle. The importance of climate change impacts on water resources has been well brought in the Third Assessment Report of the Intergovernmental Panel on Climate Change (IPCC, 2001), which says "Climate change will lead to an intensification of the global hydrological cycle and can have major impacts on regional water resources, affecting both ground and surface water supply" (IPCC, 2001) . Hence climate change has been dealt as a separate domain in this paper. Government of India has formulated National Missions to meet the challenges of impact of climate change. On of the mission is 'National Water Mission'. National Water Mission has identified the building up of comprehensive water database in public domain and assessment of the impact of climate change on water resource as its first goal (MOWR, 2011b).
The database on various facets of water resources as discussed in the previous paragraphs can broadly be divided into primary data and derived data. The status of availability of water resources related data with the various agencies are presented in tabulated form (Primary Data - Table 4a and Derived Data - Table 4b ). The various State Government and line departments dealing with Water Resources and custodian of data and information on Water Resources are listed in Table 5a . Some of the prominent NonGovernment and Voluntary Organizations are tabulated in Table 5b .
Hydro-meteorological Data Dissemination Policy (2013)
In pursuance of the recommendations of the National Water Policy (2012) 
Data Dissemination Policy of National Data Centre, IMD
Meteorological data available with National Data Centre, IMD are mostly priced data which are available on request in prescribed format.
Robust Database System -Key to Judicious and Sustainable Management
An old management adage goes 'You can't manage what you don't measure'. This saying clearly brings out the significance of development of a robust database system in order to judiciously and sustainably manage the renewable but limited water resources of the country. The various Government agencies responsible for collection of water resources data regularly disseminate the relevant information to the agencies and stake holders involved in the management of the resources. IMD provides rainfall data used by Central Water Commission and other agencies for flood forecasting. Agriculture Departments of both Centre and States led by Crop Weather Watch Group, Ministry of Agriculture, Government of India uses the information on various meteorological, surface and ground water parameters for providing advisories to the farmers and other stake holders. The monitoring of river stages, ground water level and other parameters of water resources and assessment of surface and ground water resources are used by the various Central and State Government agencies as well as NGOs and stake holders for conservation, augmentation and regulation of water resources. Therefore, database system of water resources of the country needs to be continuously strengthened and refined.
Way Forward
The review of Water Resources database in India brings out two basic issues which require immediate attention and action. One is the fact that considering the diversity in the agro-climatic conditions of the country, the existing intensity and frequency of data collection of various domains and variables of water resources appears to be short of the optimum design. Second, the present mechanism for integration and dissemination of data collected by various government and non-government agencies needs to be revamped in order to enable easy access to the database by public. As noted by Working Group on Water Database Development and Management, Planning Commission (2011), 'data improvement should be viewed as a National effort of the Centre and the States,with the Central Government taking the lead in working out protocols and procedures for collection and validation of data by all agencies, creating appropriate institutional arrangements to ensure independent and professional conduct of the surveys, providing financial and technical support to the States and ensuring that all agencies follow prescribed protocols and transmit the data to the central pool ' (Planning Commission, 2011a) . Apart from these main issues, present technology and methodology of data collection for various data elements also need to be refined from time to time Water Resources Database 729 based on latest knowledge base and R&D studies.
Certain specific issues of various hydrological domains are mentioned below.
Metereological data

Rainfall: Expansion and upgradation of the network of observatories using up-to-date technologies is essential. Optimal network of automatic telemetering rain gauges to be build up and also the installation of Doppler Weather Radars is necessary. Such a system will drastically reduce problems in collection and transmission of rainfall data inherent in the current system.
The number of climate stations equipped to collect data on several other climatic variables (temperature, humidity, sunshine and radiation) also needs to be increased taking into account the level of spatial detail required and the costs.
Techniques and methodology for estimation of potential evapotranspiration (PET) and soil moisture -critical parameters for preparation of water budgets for basins and projects, and estimating crop water requirements -need to be improved. Number of centers in which Lysimeters are installed by IMD and CWC to be increased. The potential of satellite-based approaches for the estimation of ET also needs to be seriously explored.
Surface Water

Setting up of additional observation stations and strengthening of the existing CWC observation network to meet data gap as well as to prepare for climate change adaptation which require more intensive data both in terms of quantity and quality. 
Ground water

The National Project on Aquifer Management to be continued based on latest state of art knowledgebase.
Monthly groundwater-level data at an optimally distributed network of ~100,000 monitoring wells in the country to be generated, of which 20% be equipped with digital water-level recorders (DWLRs).
Water quality analysis should include both major elements as well as minor elements which are essential for determination of fitness of the water. 
Conclusion
Bottom line of the above discussion in the paper is the fact that data collection and its dissemination has been a weakling in the process of planning and management of water resourcesas well as scientific research in the field of water resources in the country. Various agencies are collecting data following different protocols. The primary data collected by these agencies needs to be digitized and transmitted to a common pool at the State and National levels.
